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SUMMARY

I. Title
Studies on Citrus Vinegor for Developing Standardization of Processing and Products.

II. Summary

In the future of citrus industry, It's too difficult matter that we are make an
accurate map with scientific exactitude for great possibilities. Developing citrus
wine to apply vinegor process can give the effect as increase the per capita
consumption of citrus in potential demand. First of all, 'Miyagawa' was selected
for standardization of wine making in several citrus varieties. In many device of
juice extraction at Jeju's area, vertical basket press was more efficient than
other methods about achieved 57.7% juice in quantities of yield. And then a
continuous screw press was faster more effectively than other machines in
connection with operating time. An undiluted juice of the whole diluted
treatments was effective for increase the efficiency of fermentation. In many
factor of related fermentation. Systematically many factors was related to
improve the citrus wine quality such as temperature, time, juice type, amount of
inoculation and so on. First of all, temperature is an important factor to increase

the alcohol content in fermentation factors

Strains of cellulose producing bacteria belong to Gluconacetobacter hansenii
were isolated from tea fungus. Among them, large colony forming mutants, G.
hansenii TL-2 and TL-2C were statically cultivated to ferment dietary cellulose
gel from citrus juice. The bacterium optimally produced the gel by using citrus
juice containing 10°Brix of sugar. Optimum pH and temperature was pH 3.0-4.0
and 30C, respectively. Ethanol at 1.0% had synergic effect on gel production.
By fermentation for 14 days under optimal conditions, the bacterium produced
gel thick as 12-16mm and productivity was 137.8£9.7g.wet gel/L. During the
fermentation, acids equivalent to 1.90+0.22% acetic acid were produced in the

cultural broth. More than 6.0x109 cells of gel producing bacteria were bound to

_Vi_



the gel per cm?2, judging from DNA content.

Gels produced from citrus juice contained 97.5% of water and softer than

those  produced from black tea extract and coconut juice. The gel was
consisted of microfiber thin as 0.1wm by diameter. The fiber maximally
occupied 97.9% of dry gel. Purified gel resisted to enzymic digestion by
amylases, hydrolysis by acids and alkalis, and was hardly solved by dilute
acids, alkalis and wvarious solvents. The fiber was consisted of carbon,
hydrogen and oxygen. Its experimental formula was considered as CH20 from
the result of elementary analysis.
When Sprague-Dawely rats were fed dry powder of the gel as dietary fiber
at the levels of 1 and 2 %(w/w), the rats show higher body weight gains,
lower triglyceride levels in plasma and liver than the rats fed dietary pectin or
cellulose. Cultural broth remained after finishing of gel fermentation
drastically inhibited growth of several food-born bacteria such as E. coli, S.
aureus, B. subtilis and S. typhimurium.

It is clear from these results that isolated bacterial strains, G. hansenii TL-2
and TL-2C, are useful for production of dietary gel from citrus juice. The gel
is a good dietary fiber having hypotriglyceridemic effect to improve lipid
status in the body. But wunderlying usage of the gel awaits further
investigations for its biochemical stability.

To utilize overproduction citrus effectively, response surface
methodology(RSM) was applied to optimize and monitor the vinegar
fermentation condition by two stage fermentation.

In the first stage, the fermentation conditions for maximum alcohol contents
were 17.95°brix of sugar concentration, 23.94C of fermentation temperature,
and 74.53hr of fermantation time.

In the second stage, the optimum conditions for maximum acidity were
221.35rpm of agitation rate, 158.36hr of fernentation time, and 29.90C of
fermentation temperature.

CMY (citrus malomelo yeast)-28 and acetobacter sp. CV2 (citrus vinegar

2)separated from natural citrus wine and vinegar were use for alcohol and

- vii -



vinegar fermentation.

Citric acid content was the highest, but acetic acid content apparently
increased during vinegar fermentation. Hesperidin was not changed during
vinegar fermentation, on the other hand naringin was not detected.

The major organic acid in the citrus vinegar was acetic acid with minor
citric, lactic, malic, tartaric, oxalic, succinic, and ascorbic acids.

The optimum mix percentages for maximum taste of citrus vinegar
beverage were as followed ; citrus concentration juice(60°brix) 3.75, citrus
vinegar 2, liquid fructose 12, sugar 2.5, calcium lactate 0.87, citric acid 0.65,

orange flavor 0.1, vitamic C 0.015, xanthan gum 0.05, and dist water 78.

= viii -
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Z7198 AstE(F = 10°Bx 715) © 1.0%
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A3l sucroses H7bete] AEel GRE AT ddd ARE HFske Al
71 HEEE&S AESAUT Ad gk AR E #A AR dEEEE B
W BERAe] Ee AT dFE mgmm AAdE = A3s el 53 @
ExAe] 10, 16 ‘Brix® =4 A FoAs AgF 3dwel 1xLa7t 3435 98
® RkHoel 20, 25 “Brix A g ol A= 6D Aol o]z Aok 1A R F kR H ] Al Ast
T AFE Bk AEd AR SFAA Ay BF dE A7F JgEelx
el vk Ao 2t Ees g dFTae AAMES s wEel wEA
F714 AE7b Aol o2 Qg AR Wolxth AQm(EEL) Y=Y AT
Y45 LEA7E Aol 4be] ZarE ghbsigivh ke AE], A7E Aol
7b il
(F 4 AAaE G 240 mE A7 2E 58
ZAFE L aagm = A 4

(°Brix) 3 6 9 12

= (°Bx) 4.82 4.12 4.00 3.98

10 AR (%) 1.00 0.97 0.98 0.97
3 2H(%) 0.01 0.01 0.01 0.01

3 Z(°Bx) 5.00 5.00 5.00 5.00

15 Abek k(%) 0.87 0.85 0.87 0.85
(%) 0.01 0.01 0.01 0.01

g Z(°Bx) 9.00 6.40 6.40 6.40

20 AF (%) 0.91 0.88 0.90 0.89
32 (%) 0.01 0.01 0.01 0.01

7 Z(°Bx) 14.0 9.80 8.20 8.00

25 (%) 0.88 0.88 0.91 0.91
]2 2H(%) 0.01 0.01 0.01 0.02

0.IN NaOH= 474 ¥ Citric acid2 &4F, #FHF%F @ 9 FF] 10%
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T 2 AR A M= FaAZI7F Aol Ake]
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NEE
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), A FAEHE
Aok, =3 wE $UE W @ 5 G West 44 Agoes Wiy
A e AHE B oo tiE AL oy A 2AER AES B Ay A=
ZAYgo] S 784 1PFES THLEAE ol &3t FHIE YHS A9
A#RE AR BERPE AXAUA ZFZAE7E B AEHdA SAHAT A
= AR E A
(£ 5 505 9= 240 wE A7 2g 88
ZHFE L aw = A 4D
(°Brix) - 3 6 9 D
3 =(°Bx) 4.00 4.00 3.90 3.80
10 e (%) 0.83 0.79 0.79 0.61
3] 2hak(%) 0.01 0.01 0.01 0.05
3 =(°Bx) 6.00 5.80 5.80 6.00
15 Ak (%) 1.22 1.17 1.22 1.17
3] ahAk(%) 0.01 0.01 0.01 0.01
9 =(°Bx) 8.00 7.80 7.60 8.00
20 AHEhEE (%) 1.60 1.53 1.55 151
3] akak(%) 0.01 0.01 0.01 0.01
3 =(°Bx) 10.0 10.0 9.80 10.0
25 AFEHE(%) 2.10 1.91 1.93 1.92
3]k (%) 0.02 0.02 0.02 0.02

0.IN NaOHZ A A % Citric acid® 32k, d#FHF=F © 999 =79 10%
27199 AstE(EE 10°Bx 71%) ¢ 1.0%
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(32 6) TFE 20CAA 9 #+F #H

(BE% : 5%)

F 3

o

g A7 f7]4H(Citric acid)

_15_

9z Citric acid’(%)

(°Brix) 3 6 9 12 15 18 21 24 27 30 33
= 10 090 090 084 084 081 078 067 062 052 046 046
= 15 128 128 122 122 120 115 107 105 102 091 0.80
j; 20 166 166 161 161 157 157 157 157 156 155 155
h 25 221 221 208 208 204 204 204 203 203 200 2.00
28 10 079 079 078 078 076 076 076 075 075 074 0.74
= 15 094 094 094 094 091 091 091 091 090 090 0.90
B 20 1.00 100 092 092 092 092 092 091 090 090 0.90
o 25 089 089 089 083 08 08 08 08 084 084 082

(AEF ' 10%)

FE A Citric acid” (%)

(°Brix) 3 6 9 12 15 18 21 24 27 30 33
e 10 089 089 08 083 077 061 048 048 047 044 0.40
= 15 127 127 120 118 1.18 1.11 102 100 095 085 0.77
o 20 164 164 154 153 153 150 150 150 150 147 141
o 25 208 208 197 197 194 194 193 193 190 190 1.90
s 10 078 0.78 078 078 076 074 070 070 069 065 051
= 15 092 092 089 089 08 08 088 087 087 086 085
]1 20 098 098 093 092 091 08 089 08 083 087 087
< 25 089 089 083 083 08 08 08 08 082 082 080

(BE%F : 15%)

oA Citric acid” (%)

(°Brix) 3 6 9 12 15 18 21 24 27 30 33
= 10 091 091 083 083 08 08 08 08 083 047 047
=~ 15 123 123 119 119 116 117 121 116 116 1.01 084
- 20 155 155 154 154 154 154 153 153 1540 142 1.36
ol 25 210 210 194 194 194 192 192 192 190 190 190
) 10 076 076 075 075 075 075 074 074 074 073 0.73
= 15 094 094 091 091 08 087 087 087 086 059 0.50
]1 20 1.02 102 091 091 090 089 089 08 089 089 0.87
h 25 095 095 08 08 082 082 082 082 080 080 0.80

"ZAEE (A FY 2002, 8.24) * organic acid



(2 7) 2E 20TColMe #F FdF5d vg A7l g%
(BE% : 5%)

ERSE] 7+-874 313 & ( Brix)

(°Brix) 3 6 9 12 15 18 21 24 271 30 33

10 42 42 42 40 40 40 40 40 38 36 35

=

; 15 6.1 6.1 6.1 6.0 6.0 6.0 6.0 6.0 60 59 56
j; 20 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.0 80 80 80
h 25 11.3 11.3 108 110 110 110 110 110 110 105 104
28 10 4.0 4.0 4.0 3.6 3.6 3.6 3.6 3.6 36 36 35
= 15 5.3 53 5.3 5.2 5.2 5.2 5.2 5.2 52 50 50
B 20 6.9 6.9 6.9 6.4 6.4 6.4 6.4 6.4 64 64 64
o 25 114 114 82 8.2 8.2 8.2 8.2 8.0 80 76 76

(AEF ' 10%)
g A 7} 318 & (° Brix)
3 6 9 12 15 18 21 24 27 30 33

= 10 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.8 3.8 36 36
= 15 6.2 6.2 6.8 6.0 6.0 6.0 6.0 6.0 60 55 55

20 7“8 78 76 76 76 76 76 76 76 T6 712
B 25 103 103 102 102 102 102 102 102 102 10.0 95

- 10 37 37 37 36 36 36 36 36 36 36 35
; 15 55 55 50 50 50 50 50 50 50 46 46
:] 20 62 62 62 62 62 62 62 62 62 62 62
K 25 104 104 80 80 80 80 &80 78 78 72 12

(BZ%F : 15%)

EREE] 7+-874 313 & ( Brix)

(°Brix) 3 6 9 12 15 18 21 24 271 30 33

= 10 41 41 41 40 40 40 40 40 40 35 34
= 15 62 62 60 60 60 60 60 60 58 56 56
o 20 9 79 78 78 78 78 78 78 18 T8 16
2 25 106 106 106 104 104 104 100 100 100 94 94
s 10 37 37 37 36 36 36 36 36 36 36 39
= 15 76 76 52 50 50 50 50 50 50 41 41
" 20 70 70 66 66 66 66 66 65 60 60 6.0
2 25 125 125 78 78 78 78 78 78 70 70 7.0
TEAREA (A1 #2002, 8.24)
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(3 8) Tae% 20CoAe w7 HAETFd dg A7 438
(BE% : 5%)

=X & (%)

(°Brix) 3x 6 9 12 15 18 21 24 27 30 33
e 10 40 40 46 47 48 50 52 54 50 36 24
N 15 62 62 67 72 72 74 75 79 72 66 62
o 20 70 78 96 96 96 97 90 100 102 104 98
o 25 62 68 114 114 118 124 130 133 134 108 122
2 10 36 38 44 48 50 52 50 48 40 42 36
. 15 50 51 80 80 82 84 81 75 68 66 178
" 20 64 67 74 90 106 116 116 116 100 102 120
o 25 84 86 144 154 154 162 162 163 168 160 148

(AF%F : 10%)
o 2 A 51 2-(%)

3x 6 9 12 15 18 21 24 27 30 33
e 10 36 38 40 42 44 46 47 42 41 40 40
- 15 52 54 56 62 70 74 74 70 74 70 68
o 20 74 75 86 86 92 94 95 96 98 100 90
o} 25 82 86 96 124 112 124 124 126 128 129 114
2} 10 34 36 40 44 44 48 48 42 38 38 38
- 15 44 46 74 74 76 84 84 78 60 60 54
" 20 58 61 92 104 112 114 114 116 88 88 84
o 25 72 75 100 104 120 128 140 140 142 148 148

(HZ% : 15%)
or A & 2(%)

3x 6 9 12 15 18 21 24 27 30 33
e 10 52 54 56 58 58 58 54 54 54 46 42
- 15 70 71 72 76 76 76 78 79 78 72 68
o 20 84 86 92 90 92 100 100 100 102 90 92
o 25 104 107 11.0 114 118 119 122 122 124 124 128
2 10 42 46 47 50 51 52 52 50 50 44 44
- 15 70 73 82 82 84 84 80 80 80 70 64
" 20 81 85 93 100 110 11.2 113 114 114 109 94
o 25 106 106 127 134 142 149 149 149 150 146 146

«ZAPZEA (A 2212002, 8.24)
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(29 TEek 25TCAA 9 #F

(BE% : 5%)

A

o\

B

g A 71§71 4k citric acid) & 2

Citric acid®(%)

FExA
3 6 9 12 15 18 21 24 27 30 33
= 10 082 082 078 075 063 049 048 048 048 048 047
= 15 128 126 126 121 122 121 114 114 110 1.08 1.07
Sl 20 167 167 163 163 163 161 161 161 155 155 155
25 219 210 206 206 206 206 201 201 201 201 2.00
=4 10 099 098 098 09 084 056 049 049 047 049 047
5 15 1.00 098 098 098 098 098 098 098 094 094 093
N 20 1.04 1.04 103 103 1.03 1.00 099 098 096 096 0.96
25 102 1.02 100 100 1.00 100 100 1.00 097 097 0.97
(BE%F : 10%)
gz A Citric acid”(%)
3 6 9 12 15 18 21 24 27 30 33
= 10 083 081 076 070 063 051 051 051 045 045 045
= 15 124 122 121 118 112 1.12 110 107 104 1.02 1.02
oA 20 164 161 160 160 158 158 158 158 150 150 1.50
25 217 201 200 200 198 198 190 190 188 188 1.85
2} 10 098 09 095 091 076 051 051 051 050 050 0.50
= 15 1.00 097 097 097 097 097 09 095 094 093 093
N 20 1.00 1.00 097 097 097 097 095 09 093 092 092
25 101 101 100 100 1.00 100 095 095 09 095 094
(AEF ' 15%)
Y Citric acid’(%)
3 6 9 12 15 18 21 24 27 30 33
5 10 084 080 077 071 057 052 044 044 044 044 043
= 15 120 119 114 111 103 103 074 074 058 058 058
oA 20 158 154 154 154 154 154 150 150 150 146 146
25 193 192 192 190 190 18 18 18 18 18 1.8
ZF 10 096 096 09 091 077 055 050 046 046 046 045
= 15 096 095 094 094 093 093 093 093 093 091 091
R 20 1.00 097 097 097 096 096 09 093 092 092 092
25 1.00 1.00 098 097 097 097 09 09 092 092 092
«Z ARG (A2 12003, 3. 11) “organic acid
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(3 10) HELE BCANAY FF

(BE% : 5%)

e 2 7H8-/8 119 = (* Brix)

e e 3 6 9 12 15 18 21 24 27 30 33
= 10 40 40 40 40 40 36 36 36 36 36 36
= 15 60 60 60 60 60 60 60 60 60 60 60
20 86 86 86 86 86 86 86 86 84 84 84

25 124 116 116 116 11.0 110 110 11.0 110 110 11.0
2 10 40 40 40 40 40 38 36 36 36 36 36
% 15 60 60 54 54 54 54 54 54 54 54 54
4 20 98 78 78 78 70 70 68 68 68 68 68
25 100 90 88 88 88 88 88 88 88 88 84
(AZ%F : 10%)
T =z A 784 18 & (° Brix)

e e 3 6 9 12 15 18 21 24 27 30 33
= 10 40 40 40 38 38 38 36 36 36 36 36
= 15 60 60 60 60 60 60 60 60 60 60 60
o 20 84 84 84 84 84 84 84 84 84 84 82

25 124 112 108 108 108 108 108 108 106 106 106

2 10 40 40 40 38 38 38 36 36 36 36 36
% 15 60 60 60 54 54 54 54 54 54 54 54
20 94 72 68 68 68 68 68 68 68 66 66

25 146 96 84 84 84 84 84 84 84 84 82
(BZ% : 15%)

e = 7H8-24d 31 & ( Brix)

e e 3x 6 9 12 15 18 21 24 27 30 33
= 10 40 40 40 38 38 38 36 36 36 36 36
= 15 60 60 58 58 58 58 58 58 58 58 54
o 20 84 80 80 80 80 80 80 80 80 80 80

25 124 104 104 104 104 104 104 104 104 104 10.0

2 10 40 40 40 38 36 36 36 36 36 36 36
= 15 60 60 54 52 50 50 50 50 50 50 50
4 20 82 68 64 64 62 62 62 62 62 62 62

25 136 90 80 82 78 78 78 78 78 78 18

x ZALZEA (A2 2003, 3. 11)

_20_



N
iy
o\
ol
&

o

I,
FO{I
>
N
&

4
i

)
of

(3 11) HELE 25ToA Y
(A% : 5%)

° 3 6 9 12 15 18 21 24 27 30 33

& 10 40 40 40 40 40 40 40 40 42 42 42
= 5 64 64 64 65 65 66 66 66 66 66 70
H 20 82 94 94 94 96 96 96 96 96 96 100

25 100 120 128 162 120 120 120 120 120 120 120

2} 10 42 42 42 44 42 38 38 38 38 36 46
= 5 72 72 74 74 74 74 76 78 78 78 80
° 20 88 108 110 115 115 116 116 116 116 11.7 117

25 88 140 140 140 144 144 146 150 152 156 153

(BFF 1 10%)

&= (%)
FE2A
3 6 9 12 15 18 21 24 27 30 33

5 10 38 40 42 42 38 38 38 38 38 38 38
= 5 60 60 62 63 64 65 62 62 62 62 62
o} 20 86 94 94 95 96 96 96 96 96 98 938

25 94 100 110 112 114 114 114 114 114 116 115
2t 10 40 40 42 42 38 38 38 38 38 36 36
= B 62 63 70 74 78 74 72 72 72 T2 12
ol 20 384 100 100 104 112 112 113 112 108 106 10.6

25 86 134 136 140 150 140 136 134 132 132 132

(AF%F : 15%)

%E.JZ_*‘] ?——_]v'gel(%)

° 3 6 9 12 15 18 21 24 27 30 33

= 0 30 30 32 40 40 38 36 36 36 36 36
=2 5 60 60 72 72 68 62 58 58 58 56 56
° 20 70 70 76 88 88 84 72 72 72 76 74

25 96 102 102 104 104 106 106 106 104 104 102

= 10 40 40 42 42 48 48 52 52 47 46 43
= 15 62 62 68 72 72 78 &80 80 76 176 15
ol
ol

20 70 98 122 120 100 100 98 98 98 98 97
25 80 130 143 143 141 146 148 146 146 143 140

*Z AR A (A=Y ¢ 2003, 3. 11)
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(F 12) Fa % 30CoNAe 5 AFFE Fg A7) citric acid

(BEH 5%)

Citric acid”(%)
° 3 6 9 12 15 18 21 24 27 30 33
= 10 087 087 076 059 051 050 042 042 040 040 040
= 15 125 124 124 122 122 120 120 118 113 111 1.11
ol 20 168 166 164 163 163 163 163 155 155 155 155
25 207 207 206 206 206 205 200 19 19 194 194
= 10 098 098 096 09 095 089 080 067 061 059 057
= 15 101 100 098 098 098 095 09 09 094 094 094
A 200 1.02 099 099 099 098 098 098 094 094 093 0.93
25 099 099 099 099 099 099 095 095 093 093 0.93

HZ% : 10%)

Citric acid’(%)
© 3 6 9 12 15 18 21 24 27 30 33
= 10 084 082 072 060 052 047 045 040 040 040 0.40
= 15 123 121 118 117 117 117 110 108 1.08 1.07 1.07
X 20 163 163 159 159 159 159 155 154 150 148 1.48
25 211 200 200 200 200 197 192 187 18 186 1.86
2 10 09 094 094 08 08 046 046 046 046 045 045
15 097 096 094 094 094 094 093 091 092 090 090
20 100 099 096 096 096 096 094 094 094 093 093

25 100 100 096 096 096 096 095 095 095 092 0.92

xZAREA (A1AFY 120030 3. 11)  “citric acid= 34t
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¥ 13) HE2E 30CAAMY #F HEwd vg Arjd g%

(BZE% : 5%)

3 6 9 12 15 18 21 24 27 30 33

100 40 40 40 38 38 36 36 36 36 36 36

2 15 60 60 60 60 60 60 60 60 60 60 60
%20 86 86 86 86 86 86 86 86 86 86 86
25 124 112 112 110 110 110 110 110 11.0 11.0 11.0
10 40 40 40 40 40 40 38 38 38 38 38
%I 15 60 60 54 54 54 54 54 54 54 54 54
N 90 74 70 70 70 70 70 70 70 70 70 70
25 128 90 98 86 86 86 86 86 86 86 86
(A% : 10%)
7}/ 313 & (° Brix)
FrxA
3 6 9 12 15 18 21 24 27 30 33
. 10 40 40 40 38 38 36 36 36 36 36 36
% 15 60 60 60 60 60 60 60 60 60 60 60
490 86 84 84 84 84 84 82 82 82 82 82

25 112 108 108 106 106 106 106 106 106 106 106

10 40 40 40 40 38 36 36 36 36 36 36
60 54 54 52 52 52 52 52 52 50
20 72 68 68 66 66 66 66 66 66 66 66
25 112 86 86 84 84 84 84 84 84 84 384

12 TN
—
(@]
(@)}
(e}

x ZAPEA (A& 12003, 3. 11)
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(3 14) HEL% 30TCoAAY T+
(A% : 5%)

N
i
o\

10 42 42 44 38 38 38 38 38 38 38 38
= 15 72 72 75 75 66 66 66 66 66 66 66
20 94 96 98 96 92 92 90 90 90 90 90
25 104 118 118 118 112 112 112 112 110 11.0 11.0

10 40 40 42 42 42 38 38 38 38 38 38

; 15 74 74 74 74 74 74 74 76 78 18 18
% 20 102 102 106 112 112 112 112 112 112 108 106
25 106 140 149 150 148 144 142 142 142 142 142
(HEFF : 10%)
. o 51-2(%)
3 6 9 12 15 18 21 24 27 30 33
. 10 40 42 43 38 38 38 36 36 36 36 36
= 15 66 66 68 68 64 64 64 64 64 64 64

20 92 92 99 98 98 98 90 90 90 90 90
25 102 102 108 112 112 114 112 112 112 112 112

100 40 42 42 38 38 38 36 36 36 36 36
o0 70 74 75 75 75 75 74 74 74 70
20 90 97 97 98 102 104 100 100 100 100 10.0
25 104 132 137 138 138 138 134 134 134 134 134

12 oy Db
—_
[@)]

# ZARZFA A (A1 2 1 2003, 3. 11)
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G =549 o84S HESY] 98] HPLCE o] &8l A8 2 2dx %27] dFo
& hEE FEde ARE USS gREE AT 209 Fde] ARt 9
2HE UI(E 15), TE2E 0TCAME AMAF FFde] & 2RB7} F590
v 3 BRTHE 16).

(¥ 15) HB82% 25CoA1e] AEW3}
(FF%F : 5%)
oz A Glucose(%)
3/11 3/31 6/26
10 0.02 0.01 0.01
e ol 15 0.03 0.02 0.01
(SR R
20 0.06 0.04 0.02
25 0.62 0.04 0.06
10 0.03 0.01 0.02
21 15 0.18 0.02 0.02
ERER
20 0.70 0.02 0.03
25 0.73 0.03 0.05
oz A Frutose(%)
3/11 3/31 6/26
10 0 0 0
. 15 0.01 0 0
=0l

o 20 0.04 0.02 0.02

25 0.89 0.03 0.04

10 0.01 0 0
4=l 15 0.23 0 0.01
20 1.05 0 0.01
25 1.05 0.03 0.05

oz A Sucrose(%)

3/11 3/31 6/26

10 0.16 0.10 0

= 15 0.24 0.17 0
o 20 0.37 0.27 0.28
25 0.72 0.36 0.38
10 0.06 0.05 0.01
212 ol 15 0.31 0.02 0.04
e 20 1.36 0.02 0.04
25 1.28 0.05 0.07

* AR AL 10%
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ﬁ
[
S
i3
kol
fo
ki
w
o
3
=2
>
Lo
oX,
S
2
Lot

. Glucose(%)
3/11 3/31 6/26
F=H 15 0.06 0.02 0.03
& ol 15 0.05 0.02 0.01
Frctose(%)
EREY
3/11 3/31 6/26
3ol 15 0.07 0.01 0.01
25 o 15 0.06 0 0
Sucrose(%)
Tz
3/11 3/31 6/26
F=9d 15 0.28 0.18 0.05
2z o) 15 0.08 0.02 0.01

* AR JITHF 10%, TELE 25T 7|+
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Table 1. Specifications of citrus juice used for gel production and improvement

in specifications by sonication of the juice

Characteristics Control juicel) Sonicated juicez)

pH” 4.89+0.03 n.t.

Acidity (%, acetic acid)” 0.632+0.009 n.t.

Optical absorbance (at 660nm)” 0.026+0.013 0.35+0.06
Soluble solid (%Brix)” 12.9620.56 14.35+1.17
Solid (mg/ml)” 101.3+0.8 105.5+0.79
Reducing sugar (glucose, mg/ml)® 65.0£2.9 72.0£3.0
Total sugar (sucrose, mg/ml)” 50.4+1.7 72.5%9.3
Lipid (mg/mD'” 1.65+0.12 0.62+0.03
Protein (mg/ml)"" 2.98+0.28 1.68+0.05
Crude fiber (mg/ml)"™ 15.8+5.7 14.7£6.9
Ashes (mg/ml)™ 7.98+0.88 7.36£0.46

A concentrated citrus juice was used in the experiment after dilution by 6
times with distilled water. The juice was purchased from the Jeju Provincial
Development Corporation.

1
2)

e I 2D E L

10)
1D
12)
13)

analysed after filtration with filter paper(Whatman No.2).

analysed after sonication and filtration. Sonication was carried out by
using a sonicator(VC-400, Sonics and Materials, USA) for 10 min at
300W with pulse for 5sec and off for lsec.

measured by using a pH meter(8519, Hanna)

titrated with 0.0IN-NaOH and represented as the concentration of acetic acid.
measured by using a photoelectric spectrometer(ANA-7A, Tokyokoden)
measured by using a hand carry refractometer(ATC-1E, Atago)

dried at 105C

assayed according to Somogyi—Nelson’'s method

assayed by using phenol-H>SOy4

extracted for 9 hours according to Shoxlet method.

assayed according to Lowry’s method after extraction with N-NH,OH
assayed according to modified-STS method

dry ashed at 600C in a electric furnace.
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Table 2. HPLC analysis of free sugar and organic acid content in
the citrus juice

Free sugars Organic acids
Sugar Content(mg/ml) Acid Content(mg/ml)
Glycerol 0.66 (0.3%) Acetic 0.12
Fructose 46.28 (25.1) Ascorbic 0.54
Glucose 39.62 (21.5) Citric 19.88 (76.8%)
Sorbitol 0 Formic 1.88 (7.3)
Lactose 0 Lactic 0.16 (6.6)
Sucrose 83.74 (45.4) Malic 172
Maltose 4.10 (2.2) Oxalic 0.24
Succinic 0.08
Tartaric 1.28 (4.9)
Total 184.40 (100) 25.90 (100)

Sugars and acids in citrus juice diluted by 6 times were analysed by using a
HPLC(LC-10AT, Shimadzu Co.). Analytical conditions were

Sugar: column: p-Bondapak C18, 4.6x250mm(Waters Co), solvent: 0.1%
HsPOy4, column temp.: 30C, flow rate: 0.5ml/min, detector: UV detector,
210nm and injection volume: 2040

Acid:  column: Spherisorb S10 NH, 4.6x250mm(Waters Co.), solvent:
acetonitrile/water(80/20, v/v), column temp. 30°C, flow rate: 1.0ml/min,
detector: Refractive index and injection volume: 200
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Table 3. Contents of inorganic metals in the citrus juice
(unit: mg/ml)

Juice Na K Ca Mg Fe Al Sn

Control 0.401 0 0228 0555 0.011 5500 1.440
ontro +0.048 £0.019  +0.094  +0.003  +1.020  +0537
Sonicated 0761 0 0137 0579 0.045 1.963 1.139
omeated 10,043 £0.040 0087  +0.007 0415  +0.337

The juices diluted by 6 times were filtered with or without sonication. After
drying and ashing, inorganics were assayed by atomic absorption spectrometry.
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Table 4. Growth characteristics of gel forming bacteria derived from

Gluconacetobacter hansenii TF-2Y

Isolated bacterium

TL-2 CG-1 CG-2
Colony size(dia.) < 0.5mm < 0.5mm < 0.5mm
color yvellowish grey grey grey
Cell length(gm) 3-6 5-10 10-15
shape rod, irregular rod, irregular rod, irregular
motility - - _
glucose +++ +++ ++
Growth
sucrose ++ ++ +
as sole
ethanol + + _
C-source )
sorbitol + + ++
Clear zone formation on . )
carbonated ethanol medium -
Growth characteristics on i . i . i .
. film like film like film like
solid TYA
Growth characteristics on liquid TYA
static gel formation +2 + +
cultivation | proth clear clear clear
gel formation +++3) 4+ +++
shaking gel color light brown white white
cultivation
gel surface rough smooth smooth
broth clear clear clear

Y Low acid producing strain isolated from tea fungus.

2 Gels having thickness above 5mm was produced by cultivation for one week.

Y Gels grew as a big clump.
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Table 5.

bacterial strains

Gel producing ability and its related characteristics of isolated

Control” TL-2 CG-1 CG-2

Gel

thickness(mm) 0 13.8+0.45” | 3.8+0.45” | 3.4+0.55"

weight(mg/200mm”, wet) 0 3,226+421" |  758+69” 663+52"

specific gravity 0 1.169 0.997 0.975
Cultural broth

pH 3.65+0.03” | 3.12+0.16” | 2.98+0.07” | 2.92+0.05"

turbidity at 660nm 0.17+0.07™ | 0.22+0.05 | 0.15+0.09 | 0.16+0.01

acidity (%, acetic acid) 055+0.06° | 0.66+0.01” | 0.86+0.04” | 0.86+0.01"

residual sugar(°Brix) 10.44+0.18” | 880+0.34° | 9.72+0.28” | 9.82+0.08"

“Cultural broth was incubated without inoculation of the bacterium.

Concentrated citrus juice was used as the medium after dilution by 10 times
with distilled water. Sugar content of the broth was adjusted to 10°Brix with
white sugar and the broth was sterilized for 10min. at O.75Kg/cm2. After
inoculation of bacterial seed culture, the broth was stationary cultivated for 14
days at 30C. Seed culture was previously prepared by shaking cultivation of
for 48 hours at 30T in TYA medium. The broth cultivated
for 14 days was filtered through membrane filter(0.45um) for measurement of
and those with different
subscriptions in a line are significantly different at p<0.05 by Tukey’s method.

each bacterium

acidity and others. Values are meantSD(n=5)

ns: not significant.
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Table 6. Compared thickness of the gel produced by TL-2C with
that by TL-2 in the presence of various concentrations
of citric acid

Gel thickness (mm)
Citric acid

(%) Fermented for 6 days Fermented for 14 days

TL-2 TL-2C TL-2 TL-2C
0 4.1+0.3 3.6+0.3 5.9+0.2™ 5.3+0.9
0.4 2.740.3 4.3+0.8 3.2+0.6” 6.2+0.5"
0.8 2.3+0.3 3.3+0.5 2.6+0.7" 4.5+0.4
16 2.1+0.2 3.1+0.2 2.0+0.0” 3.1+0.3"
4.0 NG 2.240.3 1.0+0.6” 2.7+0.3”

The organisms were cultivated for 14 days in SA medium to compare
the resistance against citric acid. The medium contained various
concentrations of citric acid. Values are mean+S.D.(n=5) and those with
different subscriptions in a line are significantly different at p<0.05 by

multiple range test. NG: no growth, ns: not significant.
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Table 7. Compared characteristics of mutant strains regarding

citrate-resistance, acid production and gel thickness

Parameters TL-2" TL-2C?
pH 2.8-34 2.6-3.2
Acidity (%, acetic acid) 12-15Y 15-2.2
Gel thickness (average) 9-11 11-12

(maximum) 11-13 20 <

Resistance to citrate”
in SA medium > 1% 4% <
in TYA medium > 3% 4% <

b Large colony forming strain derived from TF-2

? Citric acid-resistant strain derived from TL-2

¥ Values were measured after 14 days of fermentation in citrus juice

medium.

% Resistable concentration of the bacterium was represented as the

concentration of citric acid which repressed gel thickening by 50%.
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A E A,

Table 8. Base sequence similarity of the gel producing bacterium
TL-2 in 16S rDNA

Base sequence

10 20 30 40 50
GCTGGCGGCATGCTTAACACATGCAAGTCGCACGAACCTTTCGGGGTTAG
TGGCGGACGGGTGAGTAACGCGTAGGGATCTGTCCATGGGTGGGGGATAA
CTTTGGGAAACTGAAGCTAATACCGCATGACACCTGAGGGTCAAAGGCGC
GAGTCGCCTGTGGAGGAACCTGCGTTCGATTAGCTAGTTGGTGGGGTAAA
GGCCTACCAAGGCGATGATCGATAGCTGGTCTGAGAGGATGATCAGCCAC
TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
TATTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGTGTGAAGA
AGGTTTTCGGATTGTAAAGCACTTTCAGCGGGGACGATGATGACGGTACC
CGCAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAA
GGGGGCAAGCGTTGCTCGGAATGACTGGGCGTAAAGGGCGCGTAGGCGGT
TGTTACAGTCAGATGTGAAATTCCCGGGCTTAACCTGGGGGCTGCATTTG
ATACGTGACGACTAGAGTGTGAGAGAGGGTTGTGGAATT

Standard strains Similarity
Gluconoacetobacter hansenii LMG1527T 99.66%
Gluconoacetobacter europaeus DSM6160T 99.15
Gluconoacetobacter xylinus BPR2001T 98.81
Gluconoacetobacter xylinus LNGI1515T 98.64
Gluconoacetobacter diazotrophicus LMG7603T 97.28
Gluconoacetobacter sacchari DSM12717T 96.94
Gluconoacetobacter liquefaciens LMG1382T 96.43

16S rDNA of the bacterium was consisted of 589 base pairs. Base sequence

was compared with the standard strain of Korean Bank of Genetic Resources.
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Fig. 1. Morphologies of Gluconoacetobacter hansenii TL-2 isolated
for production of gel from the juice of citrus fruit.

Left: photograph was taken with a scanning electron microscope
(S-800, Hitachi) after critical drying and Au-coating. The cells had
irregular shape by swelling(S), snapping(Sn) and venting(V). The bulbs

extruded at the arrows. Scale line indicates 1.0pm.
Right: photograph was taken with a light micrograph(YSE-H, Nicon)
after staining with crystal violet. Scale line indicates 10ym.
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Fig. 2. Location of the gel producing bacterium in the gel

Cross-sectioned gel(left plate) show an apparent central
line at the arrow by staining with crystal violet. The

line was consisted of a large number of the gel producing
bacteria.
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Fig. 3. Gel fermentation systems by G. hansenii TF-2

Gels were produced by static culture of citrus juice for 18 days at
30C with inoculation of seed gel. The gel previously produced by G.
hansenii TF-2 was used as the seed gel and it contained large number
of the bacterium. Each bottle contained 85ml of the broth and top of
the bottle was covered with sterilized filter paper(Whatman No. 2).

Numbers at the top of bottles indicate dilution fold of the citrus juice.
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Fig. 4. Effect of citrus juice concentration on gel thickness and acidity
of the cultural broth

Sugar content of each fermenting broth was controled to 10°Brix by
using white sugar. Fermentation was carried out by static culture of
inoculated broth 30C. Inoculum size of seed gel was approximately
controled to 5%. Symbols represent dilution folds of the citrus juice as
—e—: 8 times(11%), — ™ —: 6 times(17%) and — 4 — 4 times(25%).
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Fig. 5. Changes in gel thickness and acidity of cultural broth during
fermentation at different temperatures
Cultural broth contained 17% of citrus juice and 10°Brix of white
sugar. Initial pH was adjusted to 3.98. Symbols represent the
fermentation temperature as —e—: 25C, —o—: 30C, —=—: 35C and

—o—: 40C. Values are mean of 5 samples.
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Fig. 6. Effect of sugar concentrations on gel thickness and acidity of the
cultural broth

Sugar concentration was adjusted by using a hand carrier
refractometer(Atago, ATC-1E). Symbols represent initial sugar

concentrations as —e—: 5°, —O—: 10°, —m—: 20° and — o —: 30°Brix.
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Fig. 7. Effect of initial pH of the cultural broth on gel thickness

Gels were fermented by using the minimal medium(SA) as
described in the Methods. pH was adjusted by using
0.1N-acetic acid and 0.IN-NaOH. Values with different

subscriptions are significantly different at p<0.05.
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stk SHU PGS %27]9 33.3+#22mg/mIEZFE Y 3o = 54.2459mg/mIE YA

Hog Frtetdon, o] & HAAHo R Fraxo] wjd 18Yd & 6.9+1.2mg/ml7t %t

=39

Fig. 8.

pH, Acidity(x0.1%,acetic acid), Gel thickness(mm)

24 16

Soluble solid(%Brix), Total sugar(x10mg
sucrose/ml), Reducing sugar(x10 mg glucose/ml)

Fermentation time (days) Fermentation time (days)

Procedures of gel fermentation with adoption of some examined
optimal conditions and changes in residual sugar content during

the fermentation

Cultural broth contained 17% of citrus juice, 10°Brix of sugar and
initial pH 3.0, was statically cultivated at 30C. Residual sugar assay
was accorded to Somgyi—Nelson.  Aliquot of cultural broth was
filtered through syringe filter(MFS 25) and hydrolysed by using
0.2N-HCI for 30 minutes at 100C. Symbols are — o —: gel thickness,
— 00— acidity, —2—: pH, —mw—: soluble solid, —e—: total residual

sugar and — 4 —: reducing sugar.
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Dilution fold

Effect of citrus juice concentrations on the gel fermentation
by G. hansenii TL-2C

Commercial citrus juice, a concentrate by 6 times, was used

as the cultural broth after dilution by 5~10 times with distilled
water. After inoculation of seed gel, the broth was statically
cultivated for 14 days at 30C without supplement of any other
nutrient. The juice concentrate was purchased from Jeju
Provincial Development Corporation. Columns in the Fig. with

different subscription are significantly different at p<0.05.
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Fig. 10. Effect of citrus juice concentration on pH, acidity and gel thickness
during citrus gel fermentation by G. hansenii TL-2C

The juice concentrate was diluted by 60~120 times to examine the effect
of carbon source addition on gel fermentation. Sugar content of the
diluted juice was controlled to 10°Brix by using white sugar. Symbols
represent the dilution fold as - ¢ — x60, —4— x80, —0— x100 and -e—: x120.
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Table 9. Effect of sugar kinds and concentrations on gel fermentation

2]

©° 1 fructose”

-
N
-
ol

by G. hansenii TL-2C

Cultural broth

Gel thickness®

Sugar” Acidity” (mm)
P (%, acetic acid)

Glucose  10% 2.07+0.08° 1.53+0.12° 75+0.61°
20% 2.22+0.09° 0.52+0.05" 6.4+0.42%

30% 2.05+0.09° 0.76+0.08° 4.0+0.41°
Fructose 10% 2.90+0.14% 0.13£0.03%' 45+0.35
20% 2.70+0.04 0.25+0.03° 3.2+0.57%

30% 2.78+0.07* 0.20+0.04°" 2.0+0.35

Sucrose  10% 2.67+0.07 0.20+0.04°" 6.4+0.42°
20% 1.93+0.08° 0.93+0.05" 6.0+0.35"

30% 2.82+0.11% 0.11+0.02° 3.5+0.35"

1)Sugars were added to citrus juice diluted by 100 times

Total acidity was measured by using 0.01N-NaOH and represented as

acetic acid concentration(%, w/v).
YGels were fermented by static cultivation for 14 days at 30C
YValues with different subscripts are significantly different at p<0.05. by

Duncan’s multiple range test.
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Fig. 11. Changes in pH, total acidity and gel thickness during citrus gel
fermentation by using different sugars

Sugars were added to diluted citrus juice by 100 times. Concentration
of each sugar was adjusted to 10°Brix. The gels were fermented by
static culture of G. hansenii TL-2C at 30C. Symbols are -e—: glucose

- m - fructose and - 4 —! sucrose
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b 2R 48U HAAHow FTEEol 1.60%0° Zstsivh wE 14d Ao A
A= 1.0% H7F7F 15.0mm=E 7HE #7482, 20% H7F7F 13.5mm, 4.0% 37t
T7F 11.0mm, WHEF7F 80mm Atk FHLS 7Fste] 14493F wiks Ay wjt
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Gel thickness (mm
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Fermentation time (day) Fermentation time (day) Fermentation time (day)

Fig. 12. Effect of ethanol addition on pH, acidity and gel thickness during
citrus gel fermentation by G. hansenii TL-2C

Cultural broth contained 196 of citrus juice concentrate, 10°Brix of white sugar
and designated concentrations of spirit. Symbols represent the concentration of
spirit as —©0-: control, -e— 1.0%, -4-: 20% and - - 40%
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Fig. 13. Effect of acetic acid addition on pH, acidity and gel thickness
during citrus gel fermentation by G. hansenii TL-2C

Experimental conditions were same as in the Fig. 12 except that acetic
acid was used instead of spirit. Symbols represent concentrations of
the acetic acid as —©-: control, —@—: 05%, —4-: 1.0% and - ¢ - 2.0%.
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1) DNA & % A&

Schneider 52 WHd wa FZ27AZ3 A 100mgel 5%-trichloacetic acid 5mlE
7betar A2olA 1583 WAGe] AF JHEA ARESE FE
ether-alcohol(50:50) &2 50TCelA AAS FE33ATh o AAS 23
0.3N-KOH 5mlE 7}3ste] 37CelA alkali 7F&A AES F=3t12 5%-perchloric acid
2 RNASH DNAES «apA oz FF3qith. DNA &2 Burton® Wiel uwat

diphenylamine® ©. 2 A A1 71 & spectrophotometerS A&3lo] A4 234 o).

ot

% diethyl
E]_]_—

e ¥

2) Fiber &#&A
DNAE FZ3F kAt N-NH, OHE 718ke] 50C oA 30%3F vHE A 2] 3}

S FESL 92 AES 100Ce] SHTE 23] AFH & Ax

fe 3 2 F714& HPLC(LC-10AT, Shimadzu)S AF&3le] #4189 o HPLC
o] B 2L ol Zr}.
@O % column: p—Bondapak C18, 4.6x250mm(Waters Co), solvent: 0.1%

HsPOy4, column temp.: 30C, flow rate: 0.5ml/min, detector: UV detector,
210nm, injection volume: 20u0

@ 714 column: Spherisorb S10 NHs, 4.6x250mm(Waters Co.), solvent:

acetonitrile/water(80/20, v/v), column temp. 30C, flow rate: 1.0ml/min,
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Fig. 14.

250

Fiber content (%, wt)

Gel weight (mg wet/cm2), Dry matter ratio (x0.1%)

Fermentation (days)

Increase in fiber content of the gel according to proceedings
of the fermentation

The ratio of dry gel weight against wet gel was almost constant
during the fermentation for 14 days, while fiber content was
succeedingly increased. Symbols are — o —: gel weight(wet),

- m - dry matter ratio -@-: fiber content
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o] A= Aol F7 YA Fol Tojurgts WaEFo F7F Sojus AL of
9E YehlE oz A, oF QDMX@%%ﬂ%QE%ﬂﬂ%EH%WEﬂ%i

Table 10. Changes in DNA content of the gel according to the ages

Fermentation Gel weight DNA content Ratio
(days) (mg wet/plate) (ng/plate) (DNA 1g/100mg gel)
2 64.4 1.2 1.9
4 157.9 24.7 15.6
6 249.9 32.1 129
8 385.0 42.0 109
10 535.7 44.8 84
12 686.1 46.1 6.7
14 7319 429 5.9
16 764.0 35.8 4.6

DNA was extracted for 15min at 100C with 5% perchloric acid, after
fractionation of the gel component by modified STS method and DNA content

was assayed according to Burton’s method.
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1447 drast wgo2HE Table 113 2ol F 126%9] 33 295%9 7]
A TA AleF & ¥ gl

o} sucrose o] 51.6mg/mlEHE 21.8mg/mlE #AE ¥hH| fructose 3HEo]
30.6 mg/mIZFE 487mg/mlZ S7F HAZL LY #iAd = g™ sorbitol®]
175mg/ml7F &3tk Sorbitole] AL A AAE 2 Jde T3 Aot
oA WA HEE HaF st Yty A {FU)AFFE citric acidE YA

o] AbFeo] sh#ko] W37l QU oy, acetic acid®t oxalic acid o] F7b¥ ).

[e)
F5H 5 glucose®} maltose oS 2t

Table 11. HPLC analysis of sugar and organic acid contents in the cultural
broth fermented for 14 days

Sugar Organic acid
Sugars Content(mg/ml) Acids Content(mg/ml)
Fructose  4866:1.69" (30647 | Oxalic L1ZE017 - 0.37)
Glucose 98194140  (23.10) lj\fahcb_ (l)'ggig'ég E (1);;;
+
Sucrose 2183+0.80  (51.56) scorbie 2O '
Malt 1031£0.5 (10.66) Acetic 9.23+0.31 (012
atose o ' Citric 1415+015  (13.81)
+
Sorbitol 1749061 ( 0 ) Succinic 359+009  ( 3.63)
Lactic 0 C 0)
Total 12648120  (115.96) Total 2050£046  (28.16)

Sugars and organic acids were analysed by using a HPLC (LC-10AT, Shimadzu
Co.) after fermentation for 14 days. Operation conditions of the instrument were
as described n the Methods

Y Values are mean+S.D.

? Values in the parenthesis were analysed at 0 time for comparison.
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o] E8 7 AATH color valueE =439 2™ rheometere A ZAE ofg et 2t}

Sample height: 15mm, Sample speed: 90mm/min, Table speed: 200mm,
Weight of load cell: 1kg, Sample area: 30x30mm
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€393 B-amylase= 0.016M acetate buffer(pH 4.8)2 A&3lth E§A2AFES #iiE
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2 RNAS® DNAE &Aooz F&3ch A N-NH,OHE 7tske] 50Tl 30
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Table 12. Principle composition of citrus gel fermented
by G. hansenii TL-2C

Components Content
Moisture (%) 975+1.1
Crude lipid (dry %) 0.47+0.09
Crude protein (dry %) 2.0£0.9
Ashes (dry %) 0.026£0.017
Polymer (dry %) 80.214.6

The gel was fermented for 14 days at 30C by using

1009 citrus juice. Values are meantS.D.(n=5)

2) =74

EFTEN A AdE AL Table 137 29] strength 2.52x10°dyne/cm’ hardness
8.55x10°dyne/cm’® A% A& YERRAL L, coconut juicett FA FEES A8
B Hge Ao v e e Hellow HFRAdo] =gk

Hunter®] color value= Table 149} o] L-valueZ} 60.28% wj-¢- =2 Hhdol| a-
2 b-value7t W& & WAS yYESIh E A WA == coconut juicedt &AFF

Fol WP A9 FHOoR Bk
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Table 13. Rheology data of produced gel concerning with the raw materials

for fermentation

Gel produced from

Parameters

Citrus juice Coconut juice Black tea
Strength (10°dyne/cm?) 2.52+0.10” 18.78+5.45 15.69+0.05”
Hardness (10°dyne/cm®) 8.55+1.79" 13.73+2.63™ 25.90+8.05"
Cohesiveness (%) 44.0+15.3" 44.1+115Y 12.6+2.6”
Springness (%) 48.3+1.8™ 61.5+21.0™ 63.3+15.4™
Gumminess (g) 352.2£109.4™ 201.3+14.4™ 156.6+50.8™
Brittleness (g) 168.7+58.5™ 229.3+97.5™ 94.3+16.9™

Values were measure by using a rheometer(Compac-100, Sun Scientific).
Values are mean*SD(n=7-10) and those with different superscriptions are

significantly different at p<0.05. ns: not significant.

Table 14. Hunter’'s color value of the gels produced from different juice

resources
Gels produced from
Parameter
Citrus juice Black tea Coconut juice
L-value 60.28+1.34% 44.16+7.42” 24.83+0.55"
a- -1.92+0.06" -1.37+0.71" -8.40+0.25"
b- ~7.30+0.03° 2.82+0.53" -2.01+0.18"

A colorimeter(JS-555, Minolta) was used for color evaluation.
Values are meantSD(n=10) and those with different superscriptions are

significantly different at p<0.05.
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Fig. 15. Fibrous structure of the gel fermented from citrus juice
Row gel(plate A) show fibrous structure. Approximate diameter of fiber of
the gel was 0.1xm, while that of a-cellulose(B) was 30um. Raw gel(C) show
little porous, while purified gel show porous structure. Photographs were taken

with a light microscope(A and B) and a scanning electron microscope(C and D).
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Table 15. Resistance of the gel against enzymic digestion by
a- and p-amylase

Enzyme g 1 Free sugar” Hydrolysis
ample
system P (ug/ml) (%)
Starch 155.2+21.8 15.6
a-Amylase
Gel 0 0
Starch 377.0+£29.5 37.7
B-Amylase
Gel 0 0
Starch 376.8+30.7 37.7

a+p-Amyl
b-Amylase Gel 0 0

Samples were digested for 10 min. at 40C. Reaction mixture was

consisted of sample 10mg, buffer solution 2ml and enzyme solution 1lml.

The enzyme solution contained 100unit/ml of enzyme.
“Free sugar content was represented as the content of glucose for a-amylase
and maltose for Bp-amylase and a+p-amylase.

Values are meanS.D.(n=5)

_67_



Table 16. Hyrolysis rate of the gel against acids and alkalis

. ) Released reducing sugar Hydrolysis rate

Acid & alkali

(glucose pg/ml) (%)
3N-H2504 13.8+1.8 6.9
6N-H2504 14.9+2.3 75
6N-HCl 2.8+0.3 0.1
3N-KOH 0.1+£0.3 0
3N-NaOH 16.0+1.8 8.0

Gels were hydrolysed in a vacuum sealed glass tube for 24 hours at 130C
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Table 17. List of solvents tested to solve the gel

Acid & alkali
Acetic acid

Benzoic acid
Butyric acid

Formic acid
Hydrochloric acid
Nitirc acid
Perhydrochloric acid
Sulfuric acid
Trichloroacetic acid
Trifluoroacetic acid
Ammonium hydroxide
Sodium hydroxide
Potasium hydroxide

Alcohol

1so-Amyl alcohol
Benzyl alcohol
1-Butanol
Cyclohexanol

Ethanol

Ethylene glycol
Propanol
iso—Propanol
Pentanol

Methanol

Hexanol

Phenol
2-Methoxyethanol
2-Methyl-1-propanol
2-Methyl-2-propanol
1-Pentanol
2-Pentanol

1-Octanol
Polyethylene glycol

Ether

iso-Amyl acetate
t-Butyl methyl ether
Ethyl methyl ether
Diethyl ether

Methyl cellosolve
2-Ethoxyethyl ether
Butyl acetate

Ethyl acetate
2-Methoxyethyl acetate

Hydrocarbon
Benzene
Cyclohexane
Cyclopentane
Heptane
Hexane
2-Methylbutane
Pentane
Toluene
2,2,4-Trimethyl pentane
o,m,p—Xylene

Halide

Carbon tetrachloride
Chlorobenzene
1-Chlorobutane
Chloroform
1,2-Dichlorobenzene
1,2-Dichloroethane
Dichloromethane
1,1,2,2,- Tetrachloroethane
1,3,5-Trichlorobenzene
1,1,1,-Trichloroethane
Trichloromethane
Tetrachloromethane

Tetrachloroethylene

1,1,2-Trichloro-trifluoro
ethane

Solvent

Acetone

Acetonitrile

Benzonitrile

Carbon disulfide
Cyclohexanone
N,N-Dimethylacetamide
Dimethylformamide
1,4-Dioxane

Hydrazine
Methyl-iso—-buthyl ketone
4-Methyl-2-pentanone
2-Methyl pyridine
(a-Pycolin)
1-Methyl-2-pyroridinone
Dimethylsulfoxide
Nitromethane
3-Pentanone

Propylene oxide
Pyridine

Ligroin(Solvent naphtha)
Sodium hypochlorite
Tetrahydrofuran

Mixed
Phenol-Trichloroethane
(60:40)

1,3,5-Trichlorobenzene—
Ethyl ether(10:90)

p—Cresol-NaOH(0.1N)
(10:90)
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Table 19. Molecular ratio of the element which compose the gel

Molar ratio

Element Content(%)
(%/MW) relative
N 0.052 - -
C 41.950 3.496 1.096
S 0.326 0.010 -
H 6.685 6.685 2.098
o} 50.987 3.187 1.000

Element was analysed by using an analyser(Vario EL, Elementar).

*Oxygen content was estimated as 100%-sum of other element.
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Table 20. Composition of cultural medium for pilot production

of gel by G. hansenii TL-2 and TL-2C

Nutrient Content Remarks
Citrus juice 10ml concentrate
Refined white sugar 90~95g adjusted to 10°Brix
Spirit(95% ethanol) 10ml
Distilled water 1L

pH of the cultural broth was adjusted to 3.0 by using 0.1N-acetic acid

Gel thick as 12~16mm was produced by static culture of inoculated
medium for 14~18 days at 30TC.
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Table 21. Compositions of experimental diets

(unit: g/100g)

Experimental groups”

Ingredients

C1 C2 P1 P2 BF1 BEF2
Casein 15 15 15 15 15 15
Corn starch 51 51 51 51 51 51
Sucrose 15 15 15 15 15 15
Lard 4 4 4 4 4 4
Soy oil 75 75 75 75 75 75
Mineral mix. 4 4 4 4 4 4
Vitamin mix. 1 1 1 1 1 1
Cholesterol 05 0.5 05 05 0.5 05
Fiber” 1 2 1 2 1 2

Ve: cellulose, P: pectin, BF: bacterial fiber

2)Types of fiber are matched with the names of groups; Cl and C2 fed
cellulose as fiber, P1 and P2, pectin and BF1 and BF2, dry powder of
bacterial fiber produced as described in the Methode.

5) EEAS

APEEE A5 B 9 1¥ WFAES AHANA AR RPN AeA @
Fol AP A2 Aol FAE 9~10 vkl wiFstdnh ARG 25 24+1TE
2 sk om, Woke 1243 Ao A5 8 Abs hEehe A AFSEglth
Aol 19 pectin Aolstel tisted YeA] 535 pair-fedste] 4 b A5 9
L, Ael7zk el &2 AfRel AFASH Stglth Ael7Izt ek Aol HAFS 2
4 AR, ATE 3 HAR FAsen, BHE 453t HolE A a A4
sb7] A 4 s ok vid Aol 4 A7kA] 20Tl Bask

© &% A A 12~13A3F A4 A7l F ether® 7FH A vwhE ek
ool Al diE AfHsEH o, 2500rpmeol Al 1587 S EElste] WE
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Table 22. Initial weights, final weights, body weight gains and food
efficiency of rats fed three different dietary fibers for 4 weeks
Diet Im_t1al Flpal Body Welght .Food Food efficiency
weight weight gain intake (2/100g diet)
group (@) () (g/day) (g/day) €
C1 321.9+6.4 4186486 3.5+0.3” 20.2£2.7" 16.4+1.5"
P1 310.8+13.3  410.7+283 3.6+1.0” 20.9+2.2 169+3.8”
BF1 324.3£139 441.9+15.3 4.2+0.4% 195+15 21.6+1.9V
C2 317.2+14.4 434.6+18.7 4.2+0.4" 21.9+0.6™ 19.2+1.8™
P2 309.0+14.8 423.4+28.5 4.1+0.8 21.312.3 19.0+1.9
BF2 324.7+115 436.3+19.3 40405 21.5+0.9 185+1.9

Values are mean+S.D. of 9-10 rats per group and those in the same column with the
same dietary fiber level not sharing the common superscript letters were significantly
different at P<0.05 by Duncan’s multiple range test.

ns: not significant, C: cellulose P: pectin BF: bacterial fiber

1: 196 of each fiber in diet and 2: 2% of each fiber in diet.
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Table 23. Liver weights of the rats fed three different dietary

fibers for 4 weeks

Liver
Diet group Weight Relative weight
(@) (g%/body weight)
Cl 14.2+1.2" 34402
Pl 132+2.1” 3203
BF1 15.3+15" 35+0.4
C2 154+1.1™ 35+03"
P2 150421 35405
BE2 149412 3.4+0.3

Values are mean=S.D. of 9-10 rats per group and those in the same
column with the same dietary fiber level not sharing the common
superscript letters were significantly different at P<0.05 by Duncan’s
multiple range test.

ns: not significant, C: cellulose P: pectin BF: bacterial fiber

1: 1% of each fiber in diet and 2: 2% of each fiber in diet.
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Fig. 16. Plasma levels of total and HDL-cholesterol of rats fed three
different dietary fibers at 1% and 2%(w/w) in diet for 4 weeks

Values are mean+S.E. of 9-10 rats and those with the different
subscriptions within same box were significantly different

at p<0.05 by Duncan’s multiple range test. ns: not significant.

FTAAAE T Fig. 173 2ol 2o HAfa 1% oA T bacterial fiberw©]

_78_



i
LAY
Il
f
)
Jo
1o
2
o
no  f
v
N
rlj
o
x
ol
N
=2
o
rlr
Sy
)
o
o
1o,
)
o
_|_[/
o,
N
?
Q
i)

Fig. 18% #o] & FU2HEF %+ pectinwro] Fo kAl Wk, FAHAAE =

Mo @ > O
o,
o
Joowu
2
S
>
AN
_V‘_J‘

BFo] 934 w2kth. HDL-cholesterol’s =+ pectini©] 2 sHA &=t}

AA

100

80 a a NS
3 b
2 60 |
o e
i
§ 40 |
o
>
°
= 20 |

0

1% 2%

Fig. 17. Plasma levels of triglyceride of rats fed three different
dietary fibers at 1% and 2%(w/w) in diet for 4 weeks
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Fig. 18. Summary of plasma lipid levels of rats fed three different
dietary fibers in diet for 4 weeks

Values are mean+S.E. of 9-10 rats and those with the different
subscriptions within same box were significantly different

at p<0.05 by Duncan’s multiple range test. ns: not significant.
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Fig. 19. Liver levels of cholesterol, triglyceride of rats fed three different
dietary fibers at 1% and 2%(w/w) in diet for 4 weeks

Values are mean+S.E. of 9-10 rats and those with the different
subscriptions within same box were significantly different at p<0.05

by Duncan’s multiple range test. ns: not significant.
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Fig. 20. Summary of liver lipid levels of rats fed three different

dietary fibers in diet for 4 weeks

Values are meantS.E. of 9-10 rats and those with the different
subscriptions within same box were significantly different at

p<0.05 by Duncan’s multiple range test. ns: not significant.
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Table 24. Small intestine length, weights and relative weights
of rats fed three different dietary fibers for 4 weeks

Small intestine

Diet group Length Weight Relative weight

(cm) (g) (%BW)

C1 94.0+14.1™ 754+1.1™ 1.83+0.3"
P1 95.246.9 8.31+2.0 2.03£0.5
BF1 101.2+9.3 7.93+1.7 1.79+0.4

C2 97.1+7.8™ 7.42+0.9™ 1.73+0.2™
P2 96.5+9.7 8.09+1.1 1.94+0.3
BF2 100.3+2.6 8.23+1.3 1.87+0.3

Values are mean+S.D. of 9-10 rats per group and those in the same column with
the same dietary fiber level not sharing the common superscript letters were
significantly different at P<0.05 by Duncan’s multiple range test.

ns: not significant. C: cellulose P: pectin BF: bacterial fiber.

1: 1% of each fiber in diet and 2: 2% of each fiber in diet.

Table 25. Disaccaridase activities of small intestinal mucosa of

rats fed three different dietary fibers for 4 weeks

Dietary Sucrase Maltase
goup (units/mg protein) (units/mg protein)
C1 2.4+0.7™ 10.2+1.0"
P1 2.5£0.8 8.5+0.7
BF1 2.0£0.5 95+1.2
C2 2.7+0.5" 12.4+1.3"
P2 2.4+0.8 11.8414
BEF2 2.8+0.8 10.1+0.5

Values are mean+S.D. of 9-10 rats per group and those in the same column
with the same dietary fiber level not sharing the common superscript letters
are significantly different at P<0.05 by Duncan’s multiple range test.

ns: not significant. C: cellulose P: pectin BF: bacterial fiber.

1: 1% of each fiber in diet and 2: 2% of each fiber in diet.
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Table 26. Fecal dry weights and excretions of cholesterol, bile
acid of rats fed three different dietary fibers for 4

weeks
Diet Dry weights of feces Cholesterol Bile acid
1€ roup
& (g/day) (mg/day) (mg/day)
cl 2.0+0.08" 61.4+4.6" 78407
Pl 1.6+0.07” 56.9+5.8™ 7.8:0.8
BF1 1.5+0.04” 46.82+3.4" 9.140.8
C2 1.8+0.05” 59.8+2.9" 6.2+0.5"
P2 1.6+0.08” 58.9+6.5" 5.740.5
BEF2 1.3+0.11° 40.5+3.4” 7.0£0.9

Values are mean+S.D. of 9-10 rats per group and those in the same
column with the same dietary fiber level not sharing the common
superscript letters were significantly different at P<0.05 by Duncan’s
multiple range test.

ns: not significant. C: cellulose P: pectin BF: bacterial fiber.

1: 1% of each fiber in diet and 2: 2% of each fiber in diet.
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1) Paper disk test

Gram %A Al¥Ql B. subtilis®t S aureusol A A E AX g 247t A7 6.1mm,
70mm= AAFe] WHo] HA ofysPoy, Gram SXHAMITS E colist S
typhimuriumo| 4| = Table 267 #o] 27 80~85mm9 H-2> AFAHX3S FAH3H3

o},

Table 26. Antibacterial activity of fermented broth assayed by paper disk test

. Clear zone Medium & cultural
Test organism .
(dia. mm) temperature
Bacillus subtilis (KCTC 1021) 6.1 Nutrient, 30C
Staphylococcus aureus (KCTC 1916) 7.0 Micrococcus, 37C
Escherichia coli (ATCC 11105) 8.0 Nutrient, 37C
Salmonella typhimurium (KCTC 1916) 85 Nutrient, 37C

Paper disk (dia. 6mm, Advantec No.2) was soaked in cultural broth in which the
gels were already fermented for 14 days. After removing of excess fluid, the disk
was settled on solid medium where bacterial cells were grown for 8 hours.
After static cultivation for 48 hours at designated temperature, size of clear zone
which formed around the disk was measured. Bacterial strains were purchased

from the Korean Bank of Genetic Resources. Values are mean of 5 replications.

2) FHEHl T F4A9)

A wgale Fig 219 ol AWT RE FEQ0-100%)NH FAF] A%S A
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Fig. 21. Inhibitory effect of gel-fermented broth on turbidometric growth
of of some food born pathogenic bacteria

Actively growing cells of the test bacterium were inoculated to liquid
medium containing designated concentrations of citrus juice medium in
which gels had been fermented for 14 days. The liquid medium which
contained remaining juice medium was autoclaved at 0.75Kg for 10
minutes before use. During cultivation of the test bacterium with
vigorous shaking, turbidity of the bacterial culture was measured at
660nm. L-tubes and a shaking incubator(HB-201SF) was used for
cultivation of the test bacterium.
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Table 1. Composition of ethanol medium and citrus medium

Medium Nutition Content (g/liter)
Yeast extract 10.0
CaCOs 20.0
Ethanol
Ethanol 20.0
Agar 20.0
. Citrus concentration fluid 10.0
Citrus
Ethanol 50.0

Sterilized at 0.75Kg/cr’ for 15minutes.

=
Fetgn| g oR REdFo I

il

vAg 2 aggs PHoR wasy

2T EHL16S (DNA S04 BAS stgon (F)nfo]aw
At Sequence™ rRNA ©|x+x& #H13l alignment &},
9%Similarity Zte 2 vFEFU AT}

2) 4E 7#Fd HFEXN AE

7h 2ay AA

(1) paper disc test
23k 259 A x4 #Ha

Ahet 3F 3 wlasilon, 7z ot

pud
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st & W paper disc(#7 8mm, ADVANTEC, TOYO)o| dA S F5FAA
| ethanol HHX] Z=83E petri dish A®ol 7FH A A A 712 30T A 3Lz

A2 s 3 disc 9o A clear zoneo Z7|EA T EH S v}
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(2H) FA=HA
1089 8dEZ 7 AxE 24 3Aste] #eS AASAT. Hrtd 2
2o B35 S4e A9 4R, A9 J5E, A% JE, uH JE,
o Jlaw, Aute] 4w, Jege] FE, wel saw, AAHe NEER 5
A ARRe olgde WA, 7 S4e] 2SS we RS
oFat}, w5 oS et} o) EThE et
3) TE 7T AEY &5 dAE olgg 4
DR L PERIERE TSI ER
A eFe] wadAd s awed, e FRFEstel friAt RS #
Ak B xS Table 29 Zoh
Table 2. Analysis condition
Hesperidin . .
Naringin Organic acid
2.5% acetic acid/MeOH/acetonitrile
Eluent 0.01N-H2S04 (35:5:10)
Column Shin-pack CLC-ODS(M)
u (Shimadzu co., 250mmx4.61)
Detector UV210nm UV280nm
Flow rate 0.7ml/min 0.8ml/min

Column temperature

35T

_94_



AEGEY st A Bt e 3F(A;  Acetobacter sp. PA97, B;

Acetobacter sp. AT1, C; Acetobacter sp. AT2)e 2x4#3 #HF5ZAD;
Acetobacter sp. CV1) % 2325 NE; Acetobacter sp. CV2)e] ZAhitS

2

|
Be=nkel 2ol DO clear zone 84 FHol 71 5o, Co Ex Y2
clear zoneg A3tk WbH B clear zone @A 5 #Ho] wrgkon, A&t

Soll A B33l e AE clear zoneS A A k).

ISR R Gram 9

Fig. 1. Morphology of Acetobacter sp. CV1
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Fig. 2. Clear zone formation by isolated bacterial strains.
Bacterial cells produced acetic acid formed clear zone by dissolving
calcium carbonate. Bacterial cells were cultivated for a week by using

3% ethanol medium.
A; Acetobacter sp. PA97, B; Acetobacter sp. AT1, C; Acetobacter sp. AT2
D; Acetobacter sp. CV1, E, Acetobacter sp. CV2

_96_



EEEFoA B3 24t Acetobacter sp. CV13 ZHE a5 Ho A £
3t Acetobacter sp. CV2E 16S rDNA A A A3k

1 A3}, Acetobacter sp. CV19] AAHE A7IME Mg 70070R o, A 7]A
g2 Table 391 BE A¥ Zow Similarity®4 A3+ Table 4914 B A
¥ o] Gluconacetobacters;oll 438t Ao ® AWEJ oYU A EASE
Gluconacetobacter®] 1091E & 97% ©]/49] 16S rRNA FAIEE Hol&= o
sRen, oyt AEsF A2 Gluconacetobacter hansenii® 3
IS5 JAegT. @A 16S rRNA partial sequence=A o 2= o]
Gluconacetobacter sp.= 73}

Acetobacter sp. CV2¢ ZAAH H7IM<E 7o 645719 eH, A7IALES

A

Table 594 He= AP oW, Similarity &2 7}+= Table 614 H+= A
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AT, AESF EAAF wuwd =& 16S rRNA FAIEE HolE
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Foey v aFS YFAIIeE=E, Acetobacter sp. CV2&

o
ol
-
32

Gluconacetobacter hansenii= &
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Table 3. 16S rRNA partial sequencing of Acetobacter sp. CV1

GGGACGGGTGAGTAACGCGTACGTATCTGTGCATGGGTGGGGGATAA
CCTTGGGAAACCGAGGCTAATACCGCATGACACCTGAGGGTCAAAGG
CGCAAGTCTCCTGTGGAGGAACCTGCGTTCGATTAACTAGTTGGTTG
GGTAAAGGCCRACCAACGCGATGATCGATAGCTGGTCTGAGAGGATG
ATCAGCCACACTGGGACTGATACACGGCCCAAACTCCTACGGGAGGC
AGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCAATG
CCGCGTGTGTGAAGAAGGTTTTCGGATTGTAAAGCACTTTCAGCGGG
GACGATGATGACGGTACCGCANAANAAGCCCCGGCTAACTTCGTGCC
ACCANCCGCGGTAATACAAAGGGGGCAAGCGTTGCTCGGAATGACTG
GGCGTAAAGGGCGCGTAGGCGGTTGTTACAGTCAGATGTGAAATTC
CCGGGCTTAACCTGGGGGCTGCATTTGATACGTGGCGACTAAAGTG
TGANANAGGGTTGTGGAATTCCCAGTGTANAGGTGAAATTCGTANA
TATTGGGAANAACACCGGTGGCGAAGGCGGCAACCTGGCTCATGAC
TGACGCTGAGCCCNAAAGCGTGGGGAGCAAACAGGATTAGATCCCT
GGTAGTCCACGCTGTAAACAATGTGTGCTGGATGTTGGGTGGCTTG

Table 4. Similarity analysis result of Acetobacter sp. CV1

Strain Accession No  %Similarity
Gluconacetobacter europaeus DSM 6160 (T) 721936 96.81
Gluconacetobacter hansenii NCIMB 8746 (T) X75620 96.66
Acetobacter intermedius 11804 (T) Y 14694 96.66
Acetobacter oboediens DSM 11826 (T) AJ001631 96.52
Gluconacetobacter xylinus subsp. xylinus NCIMB 11664 (T) X75619 96.37
Gluconacerobacter diazotrophicus ATCC 49037 (T) X75618 94.63

Gluconacetobater liquefaciens IFO 12388 (T) X75617 94.34
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Table 5. 16S rRNA partial sequencing of Acetobacter sp. CV2

GTCCACGAACCTTTCGGGGTTAGTGGCGGACGGGTGAGTAACGCGT
AGGGATCTGTCCATGGGTGGGGGATAACCTTGGGAAACCGAGGCTA
ATACCGCATGACACCTGAGGGTCAAAGGCGCAAGTCGCCTGTGGAG
GAACCTGCGTTCGATTAGCTGGTTGGTGGGGTAAAGGCCTACCAAG
GCGATGATCGATAGCTGGTCTGARAGGATGATCAGCCACACTGGGA
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGEGGGGAATAT
TGGACAATGGGCSCAAGCCTGATCCAGCAATGCCGCGTGTGTGAAG
AAGGTTTTCGGATTGTAAAGCACTTTCAGCGGGGACGATGATGACG
GTACCCGCAAAAAAAGCCCCGGCTAACTTCGTGCCACCACCCGCGGT
AATACAAAGGGGGCAAGCGTTGCTCGGAATCAGTGGGCGTAAAGGG
CGCGTAGGCGGTTGTTACAGTCAGATGTGAAATTCCCGGGCTTAAC
CTGGGGGCTGCATTTGATACGTGACGACTAAAGTGTGAAAGAGGG
TTGTGAATTCCCAGTGTAAAGGTGAAATTCGTAAATATTGGGAAA
AACACCGGTGGCGAAGGCGGCAACCTGGCTCATCACTGACCCTGAG

Table 6. Similarity analysis result of Acetobacter sp. CV2

Strain Accession No  %Similarity
Gluconacetobacter hansenii NCIMB 8746 (T) X75620 97.04
Gluconacetobacter europaeus DSM 6160 (T) 721936 96.88
Acetobacter intermedius 11804 (T) Y14694 96.73
Acetobacter oboediens DSM 11826 (T) AJ001631 96.57
Gluconacetobacter xylinus subsp. xylinus NCIMB 11664 (T) X75619 96.42
Gluconacerobacter diazotrophicus ATCC 49037 (T) X75618 95.02
Gluconacetobater liquefaciens IFO 12388 (T) X75617 93.93
Acetobacter pasteurianus LMG 1262 (T) X71863 93.30
Acetobacter pomorum DSM 11825 (T) AJ001632 93.15
Acetobacter aceti JCM 7641 (T) D30768 93.15
Acetobacter aceti DCIMB 8621 (T) X74066 92.99
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2) 45 #5d 235 HE
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7h 2aE HA4
(1) Paper disc test
AEAstg st A Bfskal e A R4 3F(A, B, O)F HEelA 8%
25D, B)9 A x4kte] A x4t A4 HS paper discHo® HAAsA. 1 4
7} Fig. 3 ¥ Table 7942} o] clear zone® 27 °] 2zt Omm, 0.8mm, 1.0mm,

3.5mn, 2.1mE 2w D7} A 24 Aol Mg ekl

Table 7. Analysis of clear zone formed by isolated strain. (unit; mm)

paper disc
growth zone
clear zone

effect zone

B C D E
Paper disc 8 8 8 8 8
Growth zone - 0.3+0.04 1+00 1+0 0.8+0.13
Clear zone - 0.8+0.05 1+£0.07 3.5+0.17 2.1+0.12
Effect zone - 1.5+0.03 20 2.2+0.04 1.8+0.08

Bacterial cells were inoculated by dipping the paper disc in citrus liquid
culture. Inoculated disc was incubated for 72 hours at 30°C after elimination
of extra—fluid.

A; Acetobacter sp. PA97, B; Acetobacter sp. AT1, C, Acetobacter sp. AT2

D; Acetobacter sp. CV1 E; Acetobacter sp. CV2
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(A] (B] (C]

Fig. 3. Clear zone formation by isolation bacterium.
Bacterial cells were inoculated by dipping the paper disc in citrus
liquid culture. After removing of extra—fluid, the disc was located on
solid ethanol medium which contained calcium carbonate. Inoculated
was incubated for for 72 hours at 30C.
A; Acetobacter sp. PA97, B; Acetobacter sp. AT1, C; Acetobacter sp. AT2
D; Acetobacter sp. CV1, E; Acetobacter sp. CV2
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25 F - -

pH
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Total acidity(%, acetic acit
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0.0 . . . . . . . 0.0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Fermentation(days) Fermentation(days)

Fig. 5 Changes in pH and total acidity during l4days fermentation of citrus
concentration juice by 5 strains of bacteria.
e ; A Acetobacter sp. PA97,
o ; B, Acetobacter sp. AT1, —a-; C, Acetobacter sp. AT2
o, D, Acetobacter sp. CV1, -x- ; E, Acetobacter sp. CV2
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Fig. 6 Changes in pH and total acidity during 14days fermentation of citrus
fruit juice by 5 strains of bacteria.
e ; A, Acetobacter sp. PA97,
o ; B, Acetobacter sp. AT1, —a-; C, Acetobacter sp. AT2
o, D, Acetobacter sp. CV1, -x-; E, Acetobacter sp. CV2
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Table 9. Hunter color L, a and b value of various vinegars.

L a b
EIEA % 76.09+0.03 6.21+0.03 35.13+0.03
AERFAx 92.66+0.05 -2.82£0.01 18.15+0.01
AL p2] 2 89.42+0.05 -2.14+0.02 23.731£0.01
Fd R 85.05+0.03 -1.59+0.02 31.36+£0.02
e e 94.35+0.06 -2.78+0.02 13.86=0.01
uf A A 2 89.73+0.03 -3.01£0.01 21.58+0.01
Table 10. Sensory properties of various vinegars.
E=Az %'L%Li% AR 2 A% %'L%LE% w2 %= F-value
Color a c b b . b 5 ])
intensity 48+042° 24034 34+052 3.6£0.70 211057  30£0.82° 2201
Color a b b a b * ok x
preference 1.81042° 4.2+092 3.1£057 2.8+0.92 3.9£0.88 28+1.05° 10.82
Sour oder ab a ab b b *
ntensity 35+097% 26097 3.4+0.97 2.9+1.10 2.1+1.10 25+0.79" 243
Background ] ‘ - - ‘ ) .
oder 35+108° 27+082 31110 32:1.03™ 23:08%  41x1.10° 325
intensity
Oder be be be b a *
preference 2.3+0.82°  3.0+0.99 2.9+0.74 2.8+0.79 3.2£1.03 4.8+042° 975
Sour taste s
intensity 36£1.08  34+097 3.6£0.84 35085 3.9£0.88 304082 0.78"
Background
taste 33£1.06  2.9+0.9 3.3£0.67 26097 3.1£1.10 37082 133"
intensity
Taste b ab ab V) ab a
preference 23+082°  3.1+1.10 3.1£0.86 2.9+0.83 3.3£0.95 39£1.00° 275
Overall b b b b b a * ok x
preference 23+082°  3.1+0.99 2.9+0.74 2.7+0.81 3.7£0.95 40095 544
1) ns : Not significant statistically.
* . Significant statistically at p<0.05.
*% o Significant statistically at p<0.01
*% % o Significant statistically at p<0.001.
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Table 11. Change in hesperidin of citrus concentration juice and citrus fruit juice
by 5 strins of bacteria.

(unit : pg/me)

Citrus concentration juice Citrus fruit juice

A B C D E A B C D E

Original liquid 20.23 37.71

Alcohol
fermentation fluid

0 2259 2344 2327 2346 2193|4266 4280 4141 4298 41.64

24.28 44.54

2 12374 2113 2301 2281 2458|3426 4289 4216 4249 4861

Aceti 4 | 2337 23770 2267 2318 2390 |41.99 4257 43.08 4291 4261
cetic

fermentation | 6 |23.01 2327 2295 2320 23.64|39.89 42.08 4274 42.88 39.57

days 8 12420 2289 2315 2338 23.17|4529 4062 4261 41.83 41.21
10 40.13 4121 4207 43.69 39.93
12 4231 4113 41.82 4310 39.77

A; Acetobacter sp. PAY7, B; Acetobacter sp. AT1, C, Acetobacter sp. AT2
D; Acetobacter sp. CV1, E, Acetobacter sp. CV2
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Table 12. Contents of organic acid in citrus concentration juice vinegars

(unit; ppm)
Organic acid
Sample
Oxalic Tartaric Malic ascorbic Lactic Acetic Citric  Succinic
Olli’ggui%al 22621 54342 1397.17 14436 - 92252 1232800 78380
Alcohol
fermentation  62.05 980.39 145726 12824 27553 30454 12182.85 1316.40
fluid
A 83.64 1110.03  605.63 133.85 17098 1789.64 15975.70 852.55
B 22098 118521 134656 145.31 176.40 61490.28 16576.70 1398.10
C 223.80 1270.41 1500.23 147.68 12253 60141.12 1637495 1415.30
D 22126 1239.29 1481.771 147.33 - 60245.22 16610.20 1307.40
E 186.74 1138.68 1377.85 152.36 128.46 59653.20 16247.10 1116.35

A; Acetobacter sp. PAY7, B; Acetobacter sp. AT1, C, Acetobacter sp. AT2
D; Acetobacter sp. CV1, E, Acetobacter sp. CV2
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Table 13. Contents of organic acid in citrus fruit juice vinegars

(unit; ppm)
Organic acid
Sample
Oxalic Tartaric Malic ascorbic Lactic  Acetic Citric  Succinic
Original N N
liquid 191.62 1962.05 0.00 410.14 7345.00  230.20
Alcohol
fermentation  39.89 147158 707.92 82.53 - - 6866.95  731.70
fluid
A 71.87 1589.12  486.75 80.12 32755 54433.19 716485 379.10
B 81.95 141236  439.00 81.47 31648 54061.73 7281.45 398.70
C 6456  1439.01 544.80 7893  186.72 21741.32 7350.00 633.75
D 80.21  1370.80 468.35 82.23 22596 4597499 733240 435.75
E 62.52 163170 396.66 77.11 240.92 54869.52 735520  409.15

A; Acetobacter sp. PAY7, B; Acetobacter sp. AT1, C, Acetobacter sp. AT2
D; Acetobacter sp. CV1, E, Acetobacter sp. CV2
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Table 14. Levels of alcohol fermentation conditions in experimental design.

Levels
Xi Fermentation conditons
-2 -1 0 1 2
X; Inital sugar concentration(® Brix) - 9 12 15 18
X, Fermentation temperature(C) 17 21 25 29 33
Xs; Fermentation time(hr) 24 48 72 96 120

Table 15. Levels of acetic acid fermentation conditions in experimental design.

Levels
-2 -1 0 1 2

Xi Fermentation conditons

X; Fermentation temperture(C) 24 26 28 30 32

X, Fermentation time(hr) 96 120 144 168 192

X3 Agitation rate(rpm) 100 150 200 250 300
A7 2 13

AEL o8 YIUE R 2NWE AH A

HES ol §W BREAS FEWES ABRE TR WIEW 24
os AMsheta, wEo| whE & W 2ol WS RuHsRYG FELE
RUEYg Ay Table 16, 17, 18¥ Fig. 7, 8, 99 vetuyilon =4l g ®y
B¢

A= Table 19, 20, 213 Fig. 10, 11e] e 2}
MSFHEA Ay orFurg o] RP= 099 o]ido|glon, xakrgel RPE= (.92
ol ez g =4 Yyelyi

WA 194 dFHgoA 7MY 2 S vEye dEeExde 9
17.95°Brix, €% 2394C 2 A7} 7453hro] 2
AL 2% 10.88°Brix, % 2539C 2 Al7F 3301hrol et #HT o] /M3

< WaxdE dE 1746°Brix, &% 2691TC 2 AlzF 52.22hro]l i} 71 o
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o AEE JelE Haxde 9E 1376°Brix, % 17.02°C 2 A7+ 70.79hr
ojomn, 2wt b e WEx7e 9k 914°Brix, &% 25.77C % Azt
83.02hro] Atk 297l ZAbLF A e 2AEFS YEhE 2axae &
%= 29.90C, A1ZF 158.36hrd W= 221.35rpmolen ZAbghako] b wre
WEFALS % 2531, A7 1127hr 2 w45 1650 rpmeol Ak,

HA Bexe TN EEFEH MY =2 dE 1795Brix, &%
2394C 2 A7 7453hrol o, ARG E A ZAbgEe] Mg S &% 299
0°C, AZF 158.36hr ¥ %7127 221.35rpm o &2 eyt

Alcohol fermentation

Table 16. Experimental data on Physicochemical properties of citrus wine under

different conditions based on central composite design for response surface analysis.

Fermentation condition

Physicochemical properties

Initial sugar Fermentation Fermentation Alcohol Residual sugar Acidity

gonp. tempgrature time (%) OCOI’I.C. (%)

(°Brix) (C) (hr) (°Brix)
9 21 48 3.45 3.8 0.66
9 21 96 3.50 36 0.66
9 29 48 3.50 4.0 0.66
9 29 96 3.70 3.8 0.65
15 21 48 6.70 54 0.78
15 21 96 6.95 5.2 0.84
15 29 48 6.32 58 0.78
15 29 96 6.70 5.6 0.84
12 25 72 5.70 4.0 0.66
12 25 72 5.70 4.1 0.66
18 25 72 9.60 6.0 0.60
12 33 72 5.20 4.4 0.72
12 17 72 5.46 4.2 0.90
12 25 120 412 49 0.60
12 25 24 3.80 5.0 0.78
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Alcohol fermentation

Table 17. Polynomial equations calculated by RSM program for processing of

citrus wine.

Response Polynomial equation” R? Significance

Y1 - -7.620469+0.347500X:+0.358750X:
+0.095677X3+0.015556X1°-0.00916 7X,X>
~0.005781X2"+0.000660X X
+0.000365XX3-0.000755X5”

Alcohol 0.9947 0.0000

Residual  Yi= 8028006-0.137500X;-0.220313X5-0.053354X;5
sugar +0.012500X41%+0.004167X1X2+0.003906 X 5> 0.9705 0.0026

conc. +0.000852X2X5+0.000100X5”

Ys = 1.791813+0.099104X,-0.123281X;
~0.004909X5-0.004083X,%+0.000104X X
+0.002344X57+0.000226 X X3
-0.000013021X>X5+0.000013021X5”

Acidity 0.6530 0.5090

UX, : residual sugar concentration (‘Brix)
X, : fermentation temperature (C)

X3 : fermentation time (hr)
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Alcohol fermentation

Table 18. Predicted levels of optimum conditions for the maximized

physicochemical properties in preparation of citrus wine by the ridge analysis.

Physicochemical properties

Prepgrgtlon Alcohol Residual sugar conc. Acidity
conditions
Min. Max. Min. Max. Min. Max
Initial sugar 10.88 17.95 9.02 17.46 9.14 13.76
conc.
Fermentation
25.39 2394 24.41 26.91 25.78 17.02
temperature
Fermentation
) 33.01 74.53 74.26 52.22 83.02 70.79
time
Estimated 373 9.44 346 6.29 0.59 0.91
response
Morphology Saddle point Saddle point Saddle point
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Acetic acid fermentation

Table 19. Experimental data on physicochemical properties of citrus vinegar under

different conditions based on central composite design for response surface analysis.

Fermentation condition Physicochemical properties
lz;r;:igfen Fermentation time Agitation rate Acidity Alcohol
() (hr) (rpm) (%) (%)
26 120 150 2.12 2.13
26 120 250 2.32 2.08
26 168 150 4.68 0.80
26 168 250 4.87 0.70
30 120 150 4.42 1.20
30 120 250 521 0.20
30 168 150 5.48 0.20
30 168 250 5.89 0.00
28 144 200 5.25 0.00
28 144 200 5.38 0.00
32 144 200 5.17 0.00
24 144 200 3.24 1.90
28 192 200 5.32 0.00
28 96 200 3.51 1.70
28 144 300 4.25 0.70
28 144 100 2.28 2.53
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Acetic acid fermentation

Table 20. Polynomial equations calculated by RSM program for processing of

citrus vinegar.

Response Polynomial equationl) R? Significance

Y1 - —111.043125+5.0285938X1+0.393620X 2
+0.066413X3-0.069375X,*-0.008776X,X>
Acidity ~0.000391X,"+0.001012X, X
~0.000040625XX5-0.000205X5”

0.9294 0.0078

Y- 82.360000-3.875938X:-0.251016X2-0.045362X3
Alcohol +0.059375X,+0.003932X 1 X5+0.000369X " 0.9629 0.0012
-0.001313X;X3+0.000078125XX5+0.000162X5”

VX, : fermentation temperature (C)

X, : fermentation time (hr)

X3 : agitation rate (rpm)

- 119 -



Acetic acid fermentation

Table 21. Predicted levels of optimum conditions for the maximized

physicochemical properties in preparation of citrus vinegar by the idge analysis.

Physicochemical properties

Preparation o _
conditions Acidity Al :ohol
Min. Max. Min. Max.
Fermentation 25.31 29.90 29.91 26.04
temperature ) ) ) ’
Fermentation 1275 158.36 157.06 114.74
ime
Agitation
ate 164.96 221.35 223.98 137.70
Estimated response 1.52 5.90 -0.41 2.84
Morphology Saddle point Saddle point
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